Specific heat, thermal conductivity and thermal diffusivity of three various varieties of faba bean (Giza 716, Giza 843 and Giza 3 mohsen) and three different varieties of lentil (Sina 1, Giza 9 and Giza 370) were determined as a function of moisture content and temperature. The specific heat and thermal conductivity were measured using the methods of mixture and transient state heat transfer. The experiments of work were done at five levels of seeds moisture content % (w. b.) and five temperature levels [40, 50, 60, 70 and 80°C] with 3 repetitions. The thermal diffusivity was calculated from measured specific heat, thermal conductivity and bulk density. Specific heat of faba bean seeds varieties (Giza 716), (Giza 843) and (Giza 3 mohsen) and lentil seeds varieties (Sina 1, Giza 9 and Giza 370) were increased with the increase of moisture content and decreased with the increase of temperature. The thermal conductivity and thermal diffusivity of faba bean seeds increased with the increase of temperature and also with the increase of moisture content. The volumetric heat transfer coefficient was increased as the mass air flow rate and air temperature increased. Regression equations that could be used to express the relationship between thermal properties, moisture content and temperature were also presented.
INTRODUCTION
Legumes are consumed as a high source of protein, mainly in the Middle East, replaced the expensive animal proteins, (Gharibzahedi, et al., 2013) .
Faba bean (Vicia faba L.) is a major leguminous crop that grown in Egypt; it is an essential source of protein for human and animal consumption, (Abdellatif, et al., 2012) .
lentil (Lens culinaris Medik.) is an important traditional diet in developing countries like Egypt. Lentils are an excellent source of vitamins, energy, proteins, mineral elements, and carbohydrates, (Gharibzahedi, et al., 2014) . The main dimensions, density and bulk density and volume as some of physical and thermal properties is important in design machines and equipment can used in harvesting, post harvesting and processing fields.
Many studies considered that temperatures and moisture contents is the most thermal properties effect on biological materials, Aviara, et al., (2008) for guna seed; Jangi, et al., (2011) for barley grains and Azadbakht, et al., (2013) for soybean Pod. Moisture content in cereal products has an imperative effect on the specific heat due to heat of absorption and specific heat of water (Tang, et al., 1991) . The linear relation is the best fit curve to describe specific heat expressed moisture content, (Mohsenin, 1980) .
Temperature has an important effect on the organic material specific heat although this has been generally ignored in the early work with grains, (Tang, et al., 1991) .
The objective of this research work was to determine thermal properties of some varieties of faba bean and lentil seeds as a function of moisture content and temperature. The tested properties included thermal conductivity, specific heat and thermal diffusivity.
MATERIALS AND METHODS

Sample Preparation
The seeds of faba bean and lentil used in this study were obtained from the Agricultural Research Center (ARC), to grantee the purity of the selected varieties. The seeds were cleaned and sorted so that foreign matter, broken and immature seeds were removed. The initial moisture content was determined by drying the faba bean seeds samples in an electric oven at (103 ℃± 1) for 72 h. and lentil seeds at (105℃) for 24 h which described by (ASAE, 2000c) and (ASAE, 1987) and then kept in a desecrator at the room temperature.
To achieve the favorite moisture levels for the studied, samples a calculated amount of water was added to the moisture conditioning unit using the following equation (Balasubramanian, 2001) . 
Bulk density (ρ b ):
The bulk density (ρ) of faba bean and lentil seeds varieties were determined by filling a container with sample from a height of 150mm at a constant rate and weighing the contents. The volume of the container was estimated by filling the container with water and measuring it with 80ml measuring cylinder as recommended by (Matouk, et. al., 2004 b) . The bulk density was determined as the ratio between the mass of sample and its total volume. Bulk density was calculated as shown in equation 
Specific Heat (Cp):
The specific heat of samples was determined using a copper calorimeter placed inside a flask in the method of mixtures as described by Ogunjimi, et al., (2002) and Matouk, et al., (2006c) . A sample of known weight and temperature was poured into the calorimeter containing water of known weight and temperature. The mixture was stirred with a copper stirrer until the equilibrium condition was attained. The final temperature was noted and the specific heat of the sample crops was calculated using the following equation. 
Thermal Conductivity (K):
A thermal conductivity meter with heating probe which was used to determine the thermal conductivity of the seeds bulk (k), fig. (1) . The thermal conductivity of the studied crops was determined using a line heat source method as the most commonly used transient-state heat transfer method. For an infinitely long line heater in an infinite, homogeneous, and isotropic medium the temperature rises at a radial distance (r) from the line, heat source can be represented by the following equation:
………………….. (4)
According to (Matouk, et al., 2006a 
Thermal Diffusivity (α):
Thermal diffusivity (α) was calculated based on the measured values of specific heat and thermal conductivity, the following relationship was applied.
ˉ Fˎ
………………..…. (5)
According to (Mohsenin, 1980) . 
Volumetric Heat Transfer Coefficient:
In this study, seeds of faba beans and lentil varieties were dried to the equilibrium state at different air temperatures ranging from 40 to 80 °C and the values of heat transfer coefficient were measured at different air velocities ranging from 1 to 2.5 m/sec. using a forced air dryer in order to get the reconditioned samples to determine the volumetric heat transfer coefficient according to (Matouk, et al., 2001) .
The volumetric heat transfer coefficient was determined using the following equation:
…………….…. (6)
According to (Matouk, et al., 2006 
RESULTS AND DISCUSSION
Bulk density of seeds:
The experimental results of the bulk density for faba bean and lentil seeds varieties at different levels of moisture content are presented in fig. (2) . As shown in the figure, the bulk density of faba bean varieties (Giza 716), (Giza 843) and (Giza 3 mohsen) were decreased from 763.6 to 706 kg.m with the increasing of moisture content from 11.67 to23.52, 11.73to 24.17 and 11.72to 23.9 % (w. b.), respectively. Meanwhile, the bulk density of lentil varieties (Sina 1, Giza 9, Giza 370) were decreased from 882.6 to 790.3, 911.6 to 799.9 and 897.8 to785.9 kg.m -3
, with the increasing of moisture content from 10.44 to 24.72, 10.63to 24.59 and 10.54to 24.6 % (w. b.), respectively. The decrease in bulk density for the studied varieties may be due the increase in mass resulting from the increasing in moisture of seeds in a rate lower than the accompanying volumetric expansion of the seeds bulk. Similar results were obtained by Pradhan et al., (2008) for corn. A simple regression analysis was processed to assess the relationship existing between bulk density and seeds moisture content. The following regression equations was obtained: The specific heat of faba bean and lentil seeds increased linearly with the increase of moisture content and decreased with the increase of temperature. These results are similar to the results reported by staple, (Arku, et al., 2012) .
For faba bean seeds varieties (Giza 716, Giza 843 and Giza 3 mohsen) at seeds temperature of 40°ʗ, the specific heat increased from (3.1218 to 3.5088 kJ. ), respectively. The variation of specific heat of faba bean seeds varieties with moisture content at different temperature levels is shown in Fig. (3) . , respectively. The variation of specific heat of lentil varieties seeds with moisture content at different temperature levels is shown in Fig. (4) . In general, thermal conductivity increased linearly with the increasing of moisture content for both studied crops. Variation of thermal conductivity with moisture content is depicted in Fig. (5) . For faba bean seeds (Giza 716, Giza 843 and Giza 3 mohsen), the thermal conductivity increased from 0.223 to 0.3259 W.m 
Thermal diffusivity
Thermal diffusivity of seeds varieties was increased with the increasing of moisture content and temperature. Also, the increasing of thermal diffusivity with moisture content and temperature exhibited positive linear relationships. Thermal diffusivity of faba bean seeds (Giza 716), (Giza 843) , respectively as presented in Fig. (6) . For lentil seeds (Sina 1), (Giza 9) and (Giza 370) at seeds temperature of 40°ʗ, thermal diffusivity increased linearly from 1.11 ×10 -4 to 1. , respectively as presented in Fig. (6) . 
